Objective To evaluate the association of intake of soya food, a rich source of phytoestrogens, with the risk of endometrial cancer. Design Population based case-control study, with detailed information on usual soya food intake over the past five years collected by face to face interview using a food frequency questionnaire. Setting Urban Shanghai, China. Participants 832 incident cases of endometrial cancer in women aged of 30 to 69 years diagnosed during 1997-2001 and identified from the Shanghai Cancer Registry; 846 control women frequency matched to cases on age and randomly selected from the Shanghai Residential Registry. Main outcome measures Odds ratios for risk of endometrial cancer in women with different intakes of soya foods. Results Regular consumption of soya foods, measured as amount of either soya protein or soya isoflavones, was inversely associated with the risk of endometrial cancer. Compared with women with the lowest quarter of intake, the adjusted odds ratio of endometrial cancer was reduced from 0.93 to 0.85 and 0.67 with increasing quarter of soya protein intake (P for trend 0.01). A similar inverse association was observed for soya isoflavones and soya fibre intake. The inverse association seemed to be more pronounced among women with high body mass index and waist:hip ratio. Conclusion Regular intake of soya foods is associated with a reduced risk of endometrial cancer.
Introduction
Soya foods are a rich source of isoflavones such as genistein and diadzein, a major group of phytoestrogens that have both weak oestrogenic and anti-oestrogenic activities. 1 2 Phytoestrogens have been shown to alter endogenous oestrogen concentrations by binding competitively to oestrogen receptors, 3 inhibiting important steroid biosynthetic enzymes, 4 increasing the clearance of steroids from the circulation, 5 and stimulating the production of sex hormone binding globulin. 6 Soya foods also contain high amounts of dietary fibre, which has been shown to lower serum oestrogen by decreasing the concentration of intestinal glucuronidase, increasing elimination of oestrogen through the faecal route, and reducing intestinal reabsorption. 7 8 As endogenous oestrogens have a central role in the aetiology of endometrial cancer, 9 factors that alter endogenous oestrogen concentrations, such as phytoestrogens and fibre, may be related to the risk of the disease. Circumstantial supporting evidence is available showing that Asian women have a lower incidence of endometrial cancer and eat more soya food than their Western counterparts. 10 Analytical epidemiological studies on intake of soya foods and risk of endometrial cancer, however, have been few and inconsistent. [11] [12] [13] Given the dual effects of phytoestrogen, high intake of soya foods may reduce the risk of endometrial cancer among women with high exposure to oestrogen but increase the risk or have no effect on risk among women with low oestrogen exposure. 14 We tested this hypothesis in a population based case-control study among Chinese women in Shanghai from 1997 to 2001.
Methods

Participants
Through the population based Shanghai Cancer Registry, we identified 982 women who were aged between 30 and 69 years and were given a diagnosis of endometrial cancer between January 1997 and December 2001. All these women were permanent residents of urban Shanghai. Interviews were completed for 832 (84.7%) of them. Among the 150 non-participants, 73 (7.4%) declined to be interviewed, 36 (3.7%) had died, 22 (2.2%) could not be located, 10 (1.0%) were absent during the study period, and 9 (0.9%) were ineligible for other reasons.
We randomly selected controls from the permanent female residents of the Shanghai urban area through the Shanghai Resident Registry and frequency matched them to cancer cases by age (five year intervals) at a ratio of 1:1. We determined the number of controls in each age specific stratum in advance according to the age distribution of the incident endometrial cancer cases in 1996. Women who had had a hysterectomy were not eligible (n = 36). Interviews were completed for 846 of the 1165 eligible controls, a response rate of 72.6%. The reasons for non-participation were refusal (n = 277, 23.8%) and absence during the study period (n = 42, 3.6%).
Interviews and measurements
Trained retired nurses conducted face to face interviews. The standardised, structured questionnaire used for the study covered demographic factors, menstrual and reproductive history, hormone use, usual dietary intake, disease history, tobacco and alcohol use, weight history, and family history of cancer. Information on exposure to these risk factors was collected for the period up to the reference date-that is, the date of diagnosis for cases and the date of interview for controls. Each participant was also measured for her current weight, circumferences of the waist and hip, and sitting and standing height. The median (25th to 75th centile) interval between diagnosis and interview for cases was 5 (3 to 8) months.
The interviewers collected information on usual dietary intake during the past five years by using a validated quantitative food frequency questionnaire. During the interview, each participant was first asked how often she ate a specific soya food or group of soya foods (per day, week, month, year, or never), followed by a question on how many liangs ( = 50 g) she ate of the particular food(s) per unit of time (day, week, month, or year) in the five years before the reference date. For seasonal foods (for example, fresh beans), study participants were asked to describe their consumption during the month(s) when the food was available. We estimated the average daily intakes for seasonal foods by calculating the percentage of months that a food was on the market over a one year period. We measured total intake of soya food according to intakes of soya protein and soya isoflavones. We estimated intake of soya protein by multiplying the amount of soya food consumed by the amount of protein in that food according to the Chinese food composition table. 15 We calculated isoflavone intake by using published data on the isoflavone content of each soya food. 16 We defined menopause as the cessation of menstrual periods before the reference date, excluding those lapses caused by pregnancy and nursing for at least 12 months. We calculated years of menstruation as age at reference date minus age at menarche for premenopausal women and age at menopause minus age at menarche for postmenopausal women, subtracting years with oral contraceptive use and years of pregnancy. We calculated body mass index (g/m 2 ) and waist:hip circumference ratios by using measured anthropometric data.
Statistical analysis
We used unconditional logistic regression models to calculate odds ratios and their corresponding 95% confidence intervals, in order to measure the association of endometrial cancer risk with soya food intake. We determined cut-off points for quarters of soya food consumption on the basis of intakes among control women. We tested for trend by entering the categorical variables as continuous parameters in the models, and we assessed interactions by stratified analyses and by including cross product terms in logistic models.
Results
Cases and controls were well matched on age distribution (table  1) . No major differences between cases and controls existed with respect to marital status, family income, total energy intake, or use of hormone replacement therapy. However, compared with controls, cases attained higher education; had an earlier age at menarche, later age at menopause, and longer duration of menstruation; had higher body mass index and waist:hip ratio; and were less likely to take regular exercise, drink alcohol, or use oral contraceptives. Cases were also more likely to have a family history of cancer, have been pregnant fewer times, and have consumed more meat and fish. No significant differences existed between cases and controls for fruit and vegetable intake. We adjusted all subsequent analyses for age, energy intake, and the above mentioned significant variables as potential confounders. Table 2 shows the case-control comparisons for consumption of total soya foods, soya protein, and soya isoflavones. Women with endometrial cancer had a lower intake of total soya foods and almost every individual soya food investigated, as well as total soya protein and soya isoflavones, than did controls, although most differences did not reach statistical significance. The median intake of soya protein and isoflavones was 9.9 g/day and 40.5 mg/day for cases and 10.2 g/day and 42.5 mg/day for controls. The average intake of soya food among control women was comparable to that in our previous study. 17 As shown in table 3, after adjustment for dietary and non-dietary risk factors, the odds ratios for endometrial cancer associated with the highest quarter of intake of soya protein, soya fibre, soya isoflavones, and fresh soya bean intake were 0.67 (95% confidence interval 0.48 to 0.92), 0.69 (0.51 to 0.94), 0.77 (0.56 to 1.05), and 0.63 (0.46 to 0.84), compared with the lowest quarter of intake. We also observed a dose-response relation for total intake of soya protein (P = 0.01), soya fibre (P = 0.02), and fresh soya beans (P = 0.01). Additional adjustment for total fruit and vegetable intake did not alter the association (data not shown). Intakes of soya protein, soya fibre, and soya isoflavones were highly correlated, making it difficult to separate their independent effects. Table 4 summarises the results of the stratified analysis by menopausal status (premenopausal, postmenopausal), body mass index ( < 25, ≥ 25), and waist:hip ratio ( ≤ 0.855, > 0.855). Although high soya food intake was related to a lower risk of endometrial cancer in all strata, the inverse association between intake of soya protein and risk of endometrial cancer was more pronounced among women with a higher body mass index (P for trend 0.01) or a higher waist:hip ratio (P for trend 0.01). We observed no multiplicative interactions. The association of soya intake with endometrial cancer did not vary by menopausal status, whether users of hormone replacement therapy (35 cases and 34 controls) were included in or excluded from the analysis.
Discussion
Incident rates of endometrial cancer vary more than 10-fold worldwide. 18 In addition to host susceptibility, dietary factors may play an important role in this international variation. Asian countries have a low incidence of endometrial cancer and a high consumption of soya food. In our study population, the average intake of isoflavones from soya food was about 25 times that reported in a Western population (42.5 mg/day v 1.7 mg/day for controls), 13 whereas the incident rate of endometrial cancer is only one fifth to one third that in Western countries. 18 Soya isoflavones may play a role in the development of hormone related cancers, including endometrial cancer. 19 Phytoestrogens have been shown to alter circulating concentrations of ovarian steroid hormones, prolong the menstrual cycle, alleviate symptoms of menopause, and enhance alkaline phosphatase activity in a human endometrial adenocarcinoma cell line, although evidence is not entirely consistent. [19] [20] [21] An inverse association between phytoestrogen consumption and risk of endometrial cancer was reported by Goodman in a multiethnic population and by Horn-Ross among Western women. 12 13 However, legume intake was found to be associated with a slightly increased risk of endometrial cancer in an earlier study that we conducted among Chinese women. 11 Some of these previous studies were not specifically designed to investigate the role of soya food, and the assessment of soya food intake was incomplete and sometimes mixed with other peas and beans. 11 12 The sample sizes of the previous studies were relatively small, which limited the statistical power to evaluate the effect of soya food intake by menopausal status and body size.
This population based case-control study, specifically designed to test the hypothesis that soya food intake reduces endometrial cancer risk depending on endogenous hormone levels, indicates that usual consumption of soya foods by adults, measured as intake of either soya protein or soya isoflavones, is associated with a significantly reduced risk of endometrial cancer, particularly among women with a higher body mass index or waist:hip ratio. Although not all associations were statistically significant in subgroup analyses, the different measurements produced similar results.
Menopausal status, body mass index, and waist:hip ratio are associated with endogenous concentrations of sex hormones. 22 23 Our finding of a more pronounced inverse association between soya food intake and risk of endometrial cancer among women with a higher body mass index or waist:hip ratio (P for trend < 0.05) are in line with our study hypothesis that soya food P for trend 0.31 0.39 *Adjusted for age. †Adjusted for age, education, menopausal status, years of menstruation, first degree family history of any cancer, oral contraceptive use, physical activity, number of pregnancies, body mass index, total meat intake, and energy intake.
exerts an antioestrogenic effect in an oestrogen rich environment. However, the finding of a similar inverse association among premenopausal and postmenopausal women did not seem to support the above mentioned hypothesis or the findings from a recent US study that suggested a stronger effect of soya on endometrial cancer among postmenopausal women. 13 Studies with measured oestrogen concentrations are needed to better understand the joint effect of soya and endogenous oestrogen on endometrial cancer risk.
Strengths and weaknesses
Our study has many strengths. Soya consumption is high and constant among Chinese people, making this population an ideal setting in which to evaluate the effect of soya. The food frequency questionnaire used in this study, which covers about 86% of common foods consumed by Shanghai residents and includes 17 soya foods or soya food groups, has been validated with a correlation of 0.49 for assessment of soya intake derived from the questionnaire and from 24 hour recalls. 24 The correlation of soya intake assessed by two food frequency questionnaires administered approximately two years apart was 0.37. 24 The population based design, high response rate, and low frequency of hysterectomy in the study population minimised selection bias. Potential confounding from dietary and non-dietary risk factors was adjusted for in the analysis. The low frequency of use of hormone replacement therapy has exempted our study from the influence of this important potential confounder. However, it also limited our ability to investigate the effect of soya among women who have high oestrogen concentrations from an exogenous source.
As with all case-control studies, potential recall bias and measurement error are of concern. Non-differential misclassification in dietary assessment would bias the results towards null. Change of dietary practice after diagnosis of disease, however, would bias the risk estimate either towards or away from null. Although we specifically asked study participants to report their usual dietary intake during the five years before the diagnosis date for cases and the interview date for controls, ignoring recent dietary changes, the recall of dietary intake could still have been influenced by recent dietary practice. In the study, 17.9% of cases and 7.6% of controls reported an increased intake of soya food during the seven days before the interview, 8.8% of cases and 10.0% of controls reported a decrease, and 73.4% of cases and 82.4% of controls reported no change. Analysis restricted to women who reported no recent dietary change resulted in a slightly stronger inverse association between intake of soya food and risk of endometrial cancer (data not shown), suggesting that the effect of soya food on endometrial cancer is probably underestimated in this study.
Conclusions
This study found an inverse dose-response relation between intake of soya food and the risk of endometrial cancer. The indication that women with a high body mass index or waist:hip ratio may benefit more from increased soya food intake needs to be verified in future studies.
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What is already known on this topic
Endogenous oestrogens have a central role in the aetiology of endometrial cancer Soya foods are a rich source of isoflavones, a major group of phytoestrogens that have both weak oestrogenic and antioestrogenic activities, depending on dose and tissue
What this study adds
Regular intake of soya foods is associated with a reduced risk of endometrial cancer, particularly among overweight women
